D
epressive symptoms are prevalent in elderly adults and are associated with sex, age, chronic somatic disorders, education level, and hearing difficulties. 1, 2 They are also reportedly associated with functional impairment, [3] [4] [5] but the temporality of this association is unclear, because most studies have been cross-sectional. Some prospective cohort studies have indicated that depressive symptoms predict limitations in basic activities of daily living (ADLs). 6, 7 Family structure in Japan has changed, with the proportion of elderly people living alone increasing from 5.7% in 1980 to 15.5% in 2015. 8 Living alone can affect mental health, and quality of life, cognitive disorders, depression, multiple chronic diseases, occurrence of falls, and headaches of unknown origin are reported to be significantly higher in elderly people living alone. 9 Marital status has also been identified as an important social factor associated with mortality, 10 and married people are more likely to engage in healthy behaviors (and less likely to engage in unhealthy ones) than widowed, divorced, or single people. 11 An association has been identified between lack of social and family support and development of noncommunicable chronic diseases in elderly people, 12 and we previously reported that inadequate social capital is associated with a decline in ADLs and death. 13 Therefore, we focused in the current study on how living circumstances and marital status might influence the association between depressive symptoms and future functional impairment. Japan's Cabinet Office has reported that Japan has a large proportion of elderly people living alone, and that they are more likely than elderly people in other countries to rely on family than neighbors when they are sick.
14 Therefore, the effects of living circumstances and marital status on health may be greater in Japan than in other developed countries.
The aims of this study were to examine the association between depressive symptoms and future ADL dependence and to investigate how this association varies according to living circumstances and marital status.
METHODS

Study Population
The Kurabuchi Study is a community-based cohort study of aging that started in 2005 and involves functional assessment of an elderly population in Kurabuchi Town, Takasaki City, Gunma Prefecture, which is approximately 100 km north of Tokyo, Japan. In 2005 and 2006, we targeted all residents aged 65 and older who were not hospitalized or bedridden (n = 1,294) and administered a baseline survey to 834 of them (64.5%) at eight town community centers after obtaining written informed consent. [15] [16] [17] There were no substantial demographic differences between the total eligible population and those who participated in the baseline health examinations; those aged 80 and older accounted for 28.2% of the total population and 26.4% of participants, and women accounted for 54.7% of the total population and 58.3% of participants. 18 For the purposes of this study, we excluded residents who were already ADL dependent at baseline (7 residents with low Katz Index of Independence in ADL (Katz ADL) scores and 22 residents who were institutionalized) and those whose living circumstances or marital status were unknown (n = 36). Thus, the total study population consisted of 769 participants (318 men, 451 women).
Evaluation of Depressive Symptoms
We evaluated and classified the presence of depressive symptoms according to the well-validated five-item Geriatric Depression Scale (GDS-5). 17, 19 Participants were given 1 point for each "yes" response for a total score of 0 to 5; a score of 2 or more on GDS-5 indicates the presence of depressive symptoms. 20 
Outcome Measurements
Following the methods used in our previous studies, 21, 22 we gathered information about dependence in ADLs from different sources. Long-term care (LTC) eligibility is a requirement for receiving LTC insurance coverage in Japan, a system established in 2000. For the purposes of this study, participants receiving any of the seven levels of LTC insurance coverage were considered dependent in ADLs, 21 although not everyone who is dependent in ADLs applies for LTC insurance, which is why we included Katz ADLs in our criteria. Assessment in Katz ADLs is based on self-reported performance levels in six basic ADL items (bathing, dressing, toileting, transferring, continence, feeding), each of which has three answer options (without help, with partial help, with help); ADL dependence is defined as a need for partial or full help in performing any of the six items. 23 The number of those who experienced each outcome was comparatively small, and the components had overlaps between them. Therefore, we created a composite outcome (dependence in ADLs) using these components. We used this composite outcome in our previous studies. 21, 22 We defined dependence in ADLs as admission to a nursing home (institutionalization) or need of for assistance at home during the follow-up period, with the latter defined as being deemed eligible for LTC, or confirmed need of for help in any of the six Katz ADL items. 23 Information on deaths, nursing home admissions, and LTC eligibility was obtained from the Kurabuchi Branch Office of Takasaki City Hall. Katz ADL assessments were based on responses to questionnaires administered every year (from 2006 to March 2014). 
Living Circumstances, Marital Status, and Other Covariates
We gathered information on individual participants at baseline on age, sex, living circumstances (living alone vs with spouse, family others), marital status (married vs widowed, separated, single), education level (≥high school vs <high school), smoking status (current vs former, never), alcohol drinking habits (current vs former, never) and current or past history of major diseases (osteoporosis, stroke, myocardial infarction, angina pectoris, chronic obstructive pulmonary disease, diabetes mellitus, cancer (summary answer of yes or no)) using a structured questionnaire. Demispan (measured with a tape from the finger root to the sternal notch) was used to predict body mass index, because the normal calculation method can lead to overestimation in elderly people. 24 Knee joint pain in the previous year was classified into four categories (never, sometimes, often, constant). 21 All of the above factors have been found and reported to be related to outcomes in the Kurabuchi Study. 21, 22, 25 We previously found that self-reported hearing loss is associated with future ADL decline, so we treated this impairment as a potential confounder. 26 Hearing loss was evaluated using the following question. "Do you have difficulty hearing and understanding what a person says to you in a quiet room if they speak normally to you, even when wearing your hearing aid?" 26 We also treated visual impairment as a potential confounder because of its reported connection with depressive symptoms and adverse health outcomes. 19, 27 We defined visual impairment as a corrected visual acuity of worse than 0.5 (log-MAR=0.3) in the better eye (U.S. criteria). 28 Cognitive function was assessed using the Clock-Drawing Test, using a simple scoring system of 0 to 4. 29 
Statistical Analysis
The chi-square test was used to compare the baseline characteristics of study participants with depressive symptoms, and the association between depressive symptoms and outcomes were analyzed by first conducting crude analyses and then multivariate analyses using Poisson regression models. To test our hypothesis, we applied stratification analysis according to participants' living circumstances and marital status to assess the relationship between depressive symptoms and future dependence in ADLs. The initial basic model included age, sex, and education (Model 1). For the second and third models, knee joint pain, self-reported hearing loss, visual impairment, and cognitive impairment (Model 2) and current or past history of six major diseases (Model 3) were added. This analytical method was repeated to assess future dependence in ADLs, the single outcome of death, and the composite outcome of future dependence in ADLs and death. For the analysis of future dependence in ADLs, participants who died during the follow-up period were excluded. Finally, we analyzed each component of future ADL dependence (institutionalization, LTC eligibility, the six Katz ADL items). Risk ratios (RRs) and 95% confidence intervals (CIs) were used to describe the strength of associations. P < .05 was considered to indicate statistical significance. Statistical interaction between living circumstances or marital status and each study outcome was examined using the likelihood ratio test. Stata version 12 (Stata Corp., College Station, TX) was used for all analyses.
Ethical Considerations
The ethics committees of the School of Medicine, Keio University (Approval No. [16] [17] [18] [19] [20] and Toho University (Approval No.2700623046), Tokyo, Japan, approved this study. Table 1 according to depressive symptoms. Those with depressive symptoms were older and tended to be female, unmarried, and less educated and to live alone. There were also differences in the distribution of most factors, the exceptions being smoking status, alcohol consumption, and predicted body mass index. These potential confounders were included in our multivariate adjusted model, in addition to age and sex. Table 2 shows the crude and adjusted RRs (aRRs) for the association between depressive symptoms and future dependence in ADL and death. Those with depressive symptoms were more prone to future dependence in ADLs, even after adjustment for potential confounders (aRR = 1.29, 95% CI = 1.04-1.61). There was a clear association between depressive symptoms and LTC eligibility (aRR = 1.31, 95% CI = 1.02-1.68) and weak associations between depressive symptoms and institutionalization (aRR = 1.52, 95% CI = 0.91-2.52), declines in Katz ADLs (aRR = 1.36, 95% CI = 0.99-1.85), and death (aRR = 1.22, 95% CI = 0.88-1.69). There was a clear association between depressive symptoms and the composite outcome of death and future dependence in ADLs (aRR = 1.22, 95% CI = 1.05-1.42).
The association between depressive symptoms and future dependence in ADLs and death was further examined after stratification according to living circumstances and marital status, and no clear evidence of any association was observed (Figures 1a-c and 2a-c) Figure 1 . Association between depressive symptoms and study outcomes stratified according to living circumstances in Model 3 (P-value for statistical interaction).
dependence, except for institutionalization (Figures 1d and  2d) . The associations differed between participants living with others (aRR = 1.88, 95% CI = 1.00-3.54) and those living alone (aRR = 0.82, 95% CI = 0.33-2.08) (P for interaction = .07). Likewise, depressive symptoms were associated with greater risk of institutionalization only among the married participants (aRR = 3.25, 95% CI = 1.48-7.16, P for interaction = .01). The adjusted RRs for the association between depressive symptoms and LTC eligibility and Katz ADL did not vary according to living circumstances or marital status.
DISCUSSION
We found that depressive symptoms in elderly adults were associated with future ADL dependence over the 7.5-year study period and that the association seemed to vary according to living circumstances and marital status. The risk of institutionalization was significantly higher in the study participants who lived with others and those who were married but was not significantly higher for those who lived alone or who were single.
As expected, we found that depressive symptoms were more common in women than men and that the prevalence increased with age. 30 , 31 The association we observed between depressive symptoms and future ADL dependence was in accordance with the results of previous cross-sectional studies; 3,5 people with depression may lack initiative and motivation, which in turn may lead to restricted physical activity. 4 Our study also showed that the association between depressive symptoms and future ADL dependence (although only as marked by institutionalization) varied according to living circumstances and marital status. We can propose several possible explanations for the fact that study participants who lived with others, including those who were married, had a significantly higher risk of institutionalization. First, they may have felt more inclined to apply for institutionalization because of their concerns about the burden that their ADL dependence placed on those providing care at home, or their frequent complaints about their physical condition and difficulties with ADLs might have led to those they lived with to seek professional help or institutionalization. Second, the fact that Kurabuchi Town is located in a rural area might have played a part because of perceived difficulties in accessing hospitals and the possibility of delays in obtaining treatment if the participants fell ill, so the people they lived with might have felt more inclined to apply for institutionalization. Third, some of the participants may have received help with ADLs from those they were living with even though they did not need it; this in itself could have led to a decline in ADLs and resulted in institutionalization, although this explanation is less likely, because the risk of future ADL decline in Katz ADL was not higher in married participants or those living with family. In this respect, our findings contrast with the results of previous studies, in which the presence of children or a spouse was found to reduce the rate of institutionalization of older people. [32] [33] [34] We cannot deny the possibility that our findings were the result of chance, because the number of participants living alone was too small to permit a robust finding. Although the risk of institutionalization for the married participants was high (aRR = 3.25, 95% CI = 1.48-7.16), we could not conclude that marital status alone directly modified the relationship between depressive symptoms and institutionalization because almost all of the married participants lived with others (522/528, 98.9%). Further investigation is necessary to clarify the influence of marital status.
We hypothesized that the risk of future declines in Katz ADLs in individuals living alone would be higher than in those living with others; depression and living alone might lead to restricted communication and social interaction, and the resulting social isolation would in turn lead to less physical activity and finally to declines in ADLs. The risk was slightly greater for those living alone, but this interaction was not statistically significant. Further studies are needed in this area.
The present study has several strengths. First, we were able to examine the relationship between depressive symptoms and future ADL dependence prospectively in community-dwelling older people. Second, we had a high follow-up rate throughout the study period (99.2%), so our results should be highly representative of the target population. Finally, we were able to separately analyze various factors affecting future ADL dependence, including institutionalization, LTC eligibility, and the six Katz ADL items.
Several limitations should be acknowledged. First, our baseline evaluation of depressive symptoms was done using a questionnaire (GDS-5) rather than in clinical examinations by a psychiatrist. Even though the GDS-5 is widely used to screen for depressive symptoms in elderly adults, 20 exposure misclassification might have occurred. Although misclassification would have been nondifferential, the RRs observed in this study could have been underestimated. Katz ADLs, along with assessment of some other covariates, including history of major diseases, were also based on self-report, and the information we collected on comorbid medical diseases included no measure of severity. Another limitation is that we were unable to ascertain whether participants with depressive symptoms were receiving medical intervention or treatment. Finally, we could not exclude the possibility of unmeasured and residual confounding.
Our findings could potentially allow clinicians to screen for depressive symptoms earlier to reduce the risk of ADL dependence, although further studies of other more-heterogeneous populations outside Japan are needed to investigate the influence of cultural factors (e.g., household composition, caregiver support) that might influence outcomes.
CONCLUSION
Our findings suggest that depressive symptoms are associated with future ADL dependence and that living circumstances (except for institutionalization) and marital status do not affect the association.
